I. Introduction
A conventional solution to improve the bearing capacity of slope is to remove part of the existing weak soil and to replace it by granular soil (partial replacement), root reinforcement or geosynthetic reinforcement can be provided in the sand fill layer and grouting is used which often requires high pressure to inject the grouts due to their high viscosity or fast hardening time. In order to address the disadvantages of current slope stability techniques one could look at natural alternatives. Interest in the use of biological technologies in geotechnical engineering has been rising over the past few years. Microbial induced carbonate precipitation (MICP) has unique characteristics with potential advantages over conventional soil improvement techniques. MICP addition in soil increases the shear strength and stiffness. The technique introducing aerobically cultivated bacteria with highly active urease enzyme into soil, harnessing the urease enzyme to catalyze the hydrolysis of urea to produce ammonium and carbonate ions. In sandy soils, bio-cementation improves the shear strength of soil through the production of soil particle-binding materials, as a result of introducing bacteria and cementation reagents into the soil. Calcium carbonate (calcite) is an element observed in bio-cementation process whose formation is commonly found in nature. The bacteria's suitable for MICP application should be able to catalyze the urea hydrolysis and usually urease positive bacteria. The typical urease positive bacteria are genera Bacillus, Sporosarcina, Spoloactobacilus, Clostridium and Desulfotomaculum. S. Pasteurii is a more common type of bacteria used to precipitate calcium carbonate. In this investigation, an attempt has been made to investigate the effect of Microbial Induced Calcite Precipitation (MICP) on the performance of slopes. The use of microbes in improvement of slopes will be investigated in terms of quantity, incubation period, and methodology. A load test on strip footing placed on slope was conducted to evaluate the failure load with or without injection of bacteria. The various parameters considered for present study were the concentration of bacteria, method of mixing of bacteria, incubation period, footing distance from crest (0B, B, 2B) under vertical point load for a slope of 1.5H:1V.
II. Literature Review
A brief review of previous studies on MICP is carried out. It includes methodology and parameters adopted by researchers and brief conclusions of their study. The objective of this review was to identify the gap in research which was further considered for present research work. Keskin and Laman 1 (2012) experimentally investigated the ultimate bearing capacity of strip footing on sand slope. The results showed that the ultimate bearing capacity increased with increase in setback distance, relative density of sand, footing width and decreased in slope angle. At a setback distance of five times of the width of the footing, bearing capacity was remained constant like that of a footing on level ground. The results showed that the improvement in the engineering properties of the MICPtreated residual soils was comparable to those of treated fine sands. Shear strength increased and hydraulic conductivity reduced by 69 and 90%, respectively with the minimum calcite content of 1.0%. The literature shows that MICP treated soil shows improvement in strength of soil and footings on slopes affect the stability of slopes or bearing capacity of footing resting on slope reduces. In order to increase the bearing capacity of footing on slope, here an attempt has been made to study the effect of MICP on sand slope performance, by virtue of studying the bearing capacity of strip footing on slope crest.
III. Material

Sand
Kanhan sand available in Nagpur in Maharashtra was used for the present study. It is in angular shape, uniform yellow color with small proportion of flint stone and shown in Fig. 1 . The engineering properties of sand are listed in TABLE 1. 
Cementation Solution
Cementation solution was made by 2M concentration of urea and CaCl 2 by adding in distilled water.
Test Box
The test boxes were made of plywood to accommodate the slope of 1.5H:1V. The size of box was 1000 mm x 425 mm x 400 mm with 12 mm thick plywood and is as shown in Fig. 3 . 
Strip Footing
The strip footing was fabricated by using mild steel plate having dimensions 380 mm x 75 mm x 15 mm. The footing had a little groove at the centre for application of load. The model footing is as shown in Fig. 4 . 
IV. Methodology
A model sand slope with slope 1.5H: 1V was prepared by using the compaction procedure in layers of 50 mm thick sand. The inner surfaces of the test box were marked at 50 mm intervals to make easy the preparation of the sand bed in layers. The sand was compacted in layers. The process continued layer by layer until the height of the slope was reached. The great care had taken to make the slope face so that the relative density remains same throughout the bed. The solution was made by mixing of cultivated bacteria solution and CaCl 2 and urea dissolved at 2M concentration in distilled water (cementation solution). It was injected into the slope in a grid pattern of 50 mm x 50 mm at toe, sloping surface and up to the distance 4B from slope crest. This entire slope surface was injected with bacteria solution and cementation solution and allowed to incubate for 14 and 28 days by covering the slope surface with polythene.
The test box with MICP induced slope was brought under a loading frame to conduct the laboratory load test. A strip footing was placed on the slope and away from crest for three different positions on slope (0B, B, 2B). The load was applied at interval on strip footing until failure occurs. The load and corresponding settlement was measured during the entire test. The load settlement curve was plotted for each test and ultimate bearing capacity of strip footing was obtained. Fig. 5 shows experimental setup for strip footing load test conducted on slope incubated for 14 days with footing at B distance from crest. 
V. Result and Discussion
In this study, the experimental investigation was carried out on a strip footing by conducting a load test on untreated and MICP treated sand slope of angle 1.5H: 1V with footing placed at 0B, B and 2B distance from slope crest. Fig. 6, 7 and 8 shows the load settlement curves of untreated sand slope and MICP treated one with 14 and 28 days incubation. The results were compared with respect to location of footing and incubation period of the treated slope with bacteria and cementation solution. The ultimate bearing capacity (UBC) was obtained by drawing tangent intersection on load settleemnt curves in all cases. TABLE 2 gives the ultimate bearing capacity of strip footing for untreated and treated slopes. The bearing capacity ratio (BCR) was calculated by using equation 1 to compare the results. BCR determined for each case is also shown in TABLE 2. BCR indicates that the bearing capacity of strip footing increases when slope is treated with MICP. The maximum increase was observed when footing was palced at crest of slope.
(1)
The effect of location of footing on bearing capacity of footing placed on treated sand slope and incubated for 14 and 28 days is summerised in TABLE 3 in terms of % variation in UBC when strip footing is placed at slope crest. The percentage variation in UBC with respect to crest was determned using equation 2. It was observed that the bearing capacity increased as the distance of footing increased from the crest of the slope.
(2) VI. Conclusion
Conclusions
From the present study of MICP treated slope, following conclusions are drawn;  The bearing capacity of footing on MICP treated sand slope is significantly increased as compared to untreated slope.  The behavior of surface strip footing on MICP treated slope is greatly affected by distance of footing from the edge of slope.  The bearing capacity of a footing situated on the crest of sloping ground is significantly increased when treated with bacteria and cementation solution.  The bearing capacity of footing increased as the setback distance increased from crest.  Bearing capacity of footing on MICP treated sand slope is maximum for incubation period of 28 days than 14 days.
Application
The microbial cementation could be used for the following Civil and Geotechnical engineering applications:
• Enhancing stability for retaining walls, embankments and dams.
• Reinforcing or stabilizing soil to facilitate the stability of tunnels or underground constructions.
• In situ ground improvement.
Future Scope
Further study is required on microbial induced calcite precipitation with various types of bacteria for stabilization of slope. There is scope in varying depths of microorganism reinforced sand and using no of treatment at the time of preparation of sample.
